Abstract: We report on magneto-optical control of quantum dot micropillar systems in the strong coupling regime. Magneto-optical resonance tuning, magnetic field control of the oscillator strength and spin cQED-effects will be presented. 
Since the first demonstration of strongly coupled quantum dot (QD)-microcavity systems enormous effort has been devoted to this field of cavity quantum electrodynamics (cQED) [1, 2] . cQED experiments in semiconductor nanostructures are for instance motivated by demonstrating quantum optics effects such as the coherent exchange of energy between quantum emitters and resonant modes of optical cavities on a solid state platform with the prospect of large scale integration. So far most experimental studies of strong coupling in QD-microcavity systems have relied on temperature tuning which takes advantage of different temperature dependencies of the band gap and the refractive index. Very recently, electro-optical resonance tuning has also been established based on the quantum confined Stark effect [3, 4] . Here we demonstrate that an external magnetic field provides a further degree of freedom to fully explore the potential of coherently coupled QD-microcavities. A magnetic field induced diamagnetic shift and Zeeman splitting as well as magnetic localization of carriers present means of controlling the transition energy, the spin-state and the oscillator strength, respectively, of a QD interacting with a microcavity. In this sense the magnetic field not only acts as a tuning parameter but also opens a way of in situ modifying the coupling strength of the interacting system and to access spin related cQED effects. The latter is of particular importance with respect to quantum information processing [5] .
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Magneto-optical cQED effects in QD micropillars are studied at low temperature by means of high-resolution micro photoluminescence (µPL) spectroscopy for magnetic fields of up to 5 T. The micropillar cavities are based in a planar high quality AlAs/GaAs microcavity with a low density layer of In 0.3 Ga 0.7 QDs in the active layer. High Q-factor micropillar cavities realized by means of high resolution electron beam lithography and plasma etching in an electron cyclotron resonance system. A prerequisite for magneto-optical cQED effects is the presence of laterally extended In 0.3 Ga 0.7 As QDs (cf. Fig. 1(a) inset) in the active layer of the micropillar. These type of QDs show a particular large diamagnetic coefficient κ of typically 26 µeV/T 2 if compared to standard InGaAs QDs with κ ≈ 10µeV/T 2 which facilitates the exploitation of the diamagnetic shift as a resonance tuning parameter in cQED experiments. Magneto-optical resonance tuning is demonstrated in Fig. 1(b) . A single QD exciton (X) with negligible Zeeman splitting is tuned through resonance with a cavity mode (C) of a 1.6 µm diameter. The characteristic mode anticrossing associated with a vacuum Rabi splitting (VRS) of 105 µeV at resonance (2.75 T) is a clear signature of the strong coupling regime.
Interestingly, we observe a pronounced decrease of the VRS with increasing magnetic field. As can be seen by the µPL spectra depicted in Fig. 2(a) the splitting on resonance decreases and a broad emission feature appears when B is increased from 0 to 5 T. This unexpected observation is interpreted in terms of a magnetic field dependent QD oscillator strength f [6] . In fact, the additional confinement introduced by the external magnetic field allows us to control the oscillator strength of the large QDs from values close to 50 down to about 25 for the highest applied magnetic field as illustrated in Fig. 2(b) -a result which is confirmed by time resolved PL measurements showing that the spontaneous emission lifetime τ X ∝ 1/f of the QD increases strong when B exceeds 3 T (cf. Fig. 2(b) ).
Finally, we will demonstrate spin related cavity quantum electrodynamics coupling effects in a coherently coupled quantum dot (QD) -micropillar system. The spin degree of freedom is accessed when a finite magnetic field is applied so that the spin degeneracy of the QD exciton is lifted. The associated circular polarized Zeeman split excitonic lines (σ − and σ + ) interact with cavity mode components of the same polarization (cf. 2(c)). This provides the unique possibility of coupling photonic modes in the presence of an excitonic transition.
